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THE USE OF INTRAOPERATIVE ULTRASOUND
IN ABDOMINAL SURGERY

Vasile SARBU, Guido TORZILLF, Florin BOTEA

Abstract. Introduction Intraoperative ultrasound (IOUS), introduced in abdominal sur-
gery by Makuuchi is an important imaging tool in the operating room with standardized
applications for diagnosis and ultrasound guided procedures during surgery.
Material and Method The studied group consisted of 449 patients operated between Jan-
uary 2002 - January 2009 for hepato - biliary, splenic and renal pathology, of which 93
were treated and prospectively studied in the 2™ Clinic of Surgery, Clinical Emergency
Hogpital (Constanta), and 356 patients with liver pathology were treated, and retrospec-
tively and prospectively studied in the Department of Liver Surgery, Humanitas Clinical
Ingtitute (Milan). Results. In Constanta study group, 10US was performed in 77 cases
with liver pathology (82,8%) (48 cases with hydatid cyst, 9 with abscesses, 12 with
metastasis, 7 with hemangiomas and 1 with hepatocellular carcinoma), 9 cases with
biliary disease (9,7%) (8 cases with lithiasis, one with cholangiocarcinoma), and 6 cases
with renal lithiasis (6,4%); there were no major complications and mortality. In the Mi-
lan group, IOUSwith and without contrast detected a total number of 1068 lesions (aver-
age 3, 2; median 2; range 1 - 48). The postoperative morbidity rate was 23,2% (83 cas-
es); major complications were recorded in 6,4% (23 cases) and minor complications in
16,8% cases (60 cases). The reintervention rate was of 1,4% (5 cases). The postoperative
mortality rate was 1,1% (4 cases). Conclusions. IOUSis a method of diagnosis and guid-
ance of surgical procedures, which has to be part of the modern abdominal surgery ar-
senal in generally, and of hepatic surgery in particular, being optimally exploited when
performed by the surgeon.
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1. Introduction
Intraoperative ultrasound (IOUS), introduced in @idhal surgery by Makuuchi
[1] is an important imaging tool for the operatha®m with standardized applica-
tions for diagnosis and also with ultrasound gugdmmocedures for surgical tech-
niques. That is the reason for which IOUS has aifsignt importance in the
management and treatment of abdominal pathologyi®)JS is used nowadays
in completing some extracorporeal diagnostic methgdch as CT, RMN), exist-
ing significant proofs that IOUS, with and withoedntrast, is superior to those,
with higher sensitivity and specificity in detedicertain lesions [3]. Nowadays,
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the diagnostic performances of the preoperativegistia techniques have IOUS

as a reference in a series of diseases.

The indications of the intraoperative abdominatadound include the following

[4]:

1. Staging the abdominal malignant tumors, especialiyetastasis, whose stag-

ing can be underestimated by the preoperative stiagechniques;

2. Establishing the resecability of hepatic and paaterédumors by studying their

relationships with vascular and biliary structures;

3. Management of liver hydatic cyst, depicting its dgmphy and relationship
with vessels and biliary tree;

. Exploration of the biliary tract for gallstonestamors;

. Location of endocrine and pancreatic tumors;

. Evaluation of acute and chronic pancreatitis, idiclg pseudocysts, with iden-
tification of their mature regions of the wall fdrainage, and evaluation of
the peripancreatic fluid collections;

. Detection of ureteral and renal stones and lodabzaf renal tumors;

. Viewing the digestive tract tumors;

. Guiding the diagnostic biopsy.
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2. Material and Method

Patients

The studied group consisted of 449 patients opgrbegween January 2002 —
January 2009 for hepato - biliary, splenic and krg@aséhology, of which 93 were
treated and prospectively studied in ti&Qlinic of Surgery, Clinical Emergency
Hospital (Constanta), and 356 patients with livathplogy were treated, and re-
trospectively and prospectively studied in the D#pant of Liver Surgery, Hu-
manitas Clinical Institute (Milan).

Constanta study group

IOUS was carried out in 93 patients admitted inniChl Emergency Hospital
Constanta, out of which 87 patients were operatetié 2 Clinic of Surgery for
hepato - biliary and splenic pathology, and 6 pasievere operated in the Clinic
of Urology for renal lithiasis. Of the 86 patierdperated for hepato - biliary pa-
thology, 77 had hepatic pathology and 9 cases hilidry pathology.

Milan study group

The studied group was made of 356 consecutive matieperated for liver tu-

mors in the Department of Liver Surgery, Human(@isical and Research Insti-

tute (Milan, ltaly), during January 2002 — Januafp9. Of these, 180 patients,
operated between January 2002 and September 2@06,studied retrospective-
ly, and 177 patients, operated between October 28@6January 2009, were stu-
died prospectively.
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3. Method

Constanta study group

Intraoperative ultrasounds were performed with al@giq 500 ultrasound, with
a T-shaped transducer - T739 - with frequencieskvhary between 5 and

10 MHz. The ultrasound exploration was precededninaoperative inspection
and palpation.

Milan study group

IOUS was carried out with an Aloka SDD 5500 (Aldid Tokyo, Japan) ultra-

sound and then with an Aloka Alpha 10 (Aloka Itdgkyo, Japan) ultrasound,
equipped with a standard convex probe of 3-6 MHz w&ith two intraoperative

probes of 7,5-10 MHz, one T-shaped and the otheraxionvex (so called Ma-
kuuchi’'s probe). The tumor staging was completedcbgtrast enhanced intra-
operative ultrasound (CEIOUS) using a standard eorprobe of 3-6 MHz and

with harmonic frequencies of 1,88 - 3,76 MHz.

4. Results

Constanta study group

The studied group consisted of 93 patients admitte@linical Emergency Hos-
pital Constanta, 87 patients in th& Zlinic of Surgery for hepato - biliary and/or
splenic pathology, and 6 patients in the Clinicblogy for renal lithiasis.
(Table 1.

The liver pathology studied by IOUS (77 patientsspresented iffable 2 Liver
hydatid disease represented the main liver diseasa study (62,3%).

Fluid collections Tumoral lesions
Cases i N TOTAL
Hydatic Abscess| Metastasid Hgman Hepatt_)cellular
cyst gioma carcinoma
Nr. 48 9 12 7 1 7
% 62,3 11,7 15,6 9,1 1.3 100,0

Table 1 The distribution of cases with intraoperativeadbund in function of pathology. * one case
with splenic pathology (multiple hydatid cysts) hassociated hepatic pathology (multiple hepatic
cyst).
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Pathology
Cases Total
Hepatic Biliary Splenic Renal
Nr 77 9 2* 6 93
% 82,8 9,7 2,1 6,4 100

Table 2. The distribution of cases with hepatic intraopgeatiltrasound in function of pathology.

The applications of intraoperative diagnostic @tnand in liver pathology are
presented inrable 3. The differential diagnosis with the IOUS betwdée in-
fected hepatic hydatic cyst and the hepatic abdtassecorded a sensitivity and
specificity of 100%. We specify that in the metéstaisease the intraoperative
ultrasound (IOUS) has revealed 5 previously undetetesions (at 4 patients),
between 3 and 24mm in diameter. The only majoaogerative incident was
represented by a hemorrhage which necessitated hiaosfusion. In the studied
group there were no postoperative major compliogtir intra- and postoperative
mortality.

Diagnostic liver L
IOUgS Applications l(\)l;J(r:nabS(er %
Staging hepatic cysts according to Gharbj' %8 100,0
classification
1
In the complete | Complications| Cyst infection 7 14,6
diagnosis of dis- of hydatic — — 6 105
eases cysts Biliary-cystic fistulas :
Tumor staging: 4 33,3
detecting de novo CRM
In differential Infected hydatic cyst versus hepatic abscess 9 8°15,
diagnosis of focal
liver lesions Hepatic metastasis versus hemangioma 7 368
Visualization of | In fluid collections | Hydatic |17 35,4
lesions relations cyst
with important Abscess 1 111
anatomical hepat-|n tumor lesions (CRM) 6 500
ic elements

Table 3 The applications of diagnosis intraoperativeastiund in hepatic surgery. The percentages were
calculated according to the total number of stugigiients with hydatic cyst with hepatic metastasis of
colo-rectal origin (CRMY, ones with hydatic cyst and ones with absgesses with CRM and hemangi-
oma’, with abscesy and with CRM
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The applications of the IOUS in guiding the sur@jiteaneuvers are presented in
Table 4.

Applications of IOUS Number of %
in guiding surgical manoeuvres cases
In fluid collections 24 421
Detecting impalpable, Hydatic cyst 21 433
deep, small size lesions
and/or of similar Abscess 3 333
consistency with the |, 4 oral formations 3 150
hepatic parenchyma
CRM 3 25.00
Dlrectly ultrasound 11 19 3"
guided approach
Hydatic cyst 8 16.7
Abscess 3 333
Transcavitar ultrasound 1
. 5 8.8
guided approach
Hydatic cyst 4 8.3
Ultrasound guided Abscess 1 111
approach of fluid Transthoracic frenotomy
collections ultrasound guided 4 7.0
approach
Hydatic cyst 3 6.3
Abscess 1 1131
Intraoperative PAIR 6 105"
approach
Hydatic cyst 4 8.3
Abscess 2 22%
Ultrasound guided Ultrasound guided 1 50"
approach of tumoral hepatic resection
formations (ultrasound Hepatocellular 4
guided resection) carcinoma 1 5.0

Table 4. Applications of intraoperative ultrasound in goml surgical manoeuvres. Percentages
were calculated reporting to the total number oidflcollections', of hydatic cyst$, abscesse$
tumors®, and colorectal liver metastasis (CRM)
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IOUS has established the diagnosis and locatedluftecollections, undetected

previously by intraoperative inspection-palpatiodug¢ to consistency and

interposition of a portion of liver parenchyma).also viewed their relationships

with intrahepatic major vascular and biliary stures and guided the evacuatory
hepatotomyigure 1).

Figure 1. IOUS in infected hydatic cyst. A. IOUS in a 64ay®Id patient locates the hydatic
cyst situated in segments 5 and 8, in relationstith the anterior portal branch of the right
portal vein (P5-8) and medial hepatic vein (MHV). IBfected hydatic cyst, with detached and
manyplicatured hydatid membrane (horizontal arréije vertical arrows indicate the level of
ultrasound guided hepatotomy.

Furthermore, IOUS guided the resection of a largpakocellular carcinoma,
which occupied almost the entire segment 6, witteresion into the segment 7
(Figure 2), in a 69 year-old patient with virus C liver ¢iasis. IOUS assisted the
delimitation of the resection area by guiding thectocautery marking on the
liver surface Figure 3).

Figure 2. Contrast enhanced computer
tomography viewing a hepatocellular
carcinoma that includes the segment 6 and
partially extends to the segment 7, with
contrast uptake in the arterial phase and rapid
»wash out” in the portal phase.
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Figure 3. Ultrasound guided marking of the resection arith the electrocautery

Afterward, IOUS guided the transection plane inhsacway that intersected the
hepatic pedicle for the segment 6 at the levetosémergence from the posterior
right pedicle Figure 4), facilitating the anatomic liver resection of segnt 6; the
liver transection plane was then directed to thvell®f the segment 7, partially
including it in the resection, ensuring a few miléters oncologic margins. The
resection plane was ultrasound guided so thaeggiwved the vascularization and
the biliary drainage for the remaining liver pareyima gigure 5).

Figure 4. Intraoperative aspect during the hepatic
resection. The arrow indicates the pedicle for the
segment 6 crossed by the resection plan.

Figure 5. Final aspect of the liver cut surface (left) ahd temnant liver (right).
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The applications of IOUS in the biliary surgery presented iffable 5.

IOUS offered informations about spleen anatomyation and staging of splenic
hydatid cysts in two cases. One was a 48 year-alebmt with multiple splenic
hydatid disease with extension to the left diaphragssociated with a liver
hydatic cyst (segment 6) and multiple hydatic cystsited in right renal lodge (in
which splenectomy and evacuation of the hepatic retrperitoneal cysts with
partially pericystectomy were performed).

The urological applications of IOUS are presented@able 6.

IOUS in L Number
. Applications %
biliary surgery of cases
. . Visualization of gallblader lithiasis 9 100,0
Diagnosis — . ————
Visualization of common bile duct lithiasis 1 111
Infirmation of common bile duct lithiasis 7 77,8
Ultrasound guided extraction of common bile duct
. L 1 111
Interventional lithiasis
Placement of transhepatic biliary drainage 1 111
Table 5. Applications of intraoperative ultrasound (IOUS8)iliary surgery.
IOUS
_ _ Applications Number %
in urologic surgery of cases
Diagnosis Visualization of renal and basinetal 6 100,0
stones
Interventional Ultrasound guided extraction of rena > 333
stones

Table 6. Applications of intraoperative ultrasound (IOUSurologic surgery.

5. Milan study group

The studied group, consisting of 356 patients, daten/women ratio of 257/102,
with an average age of 64,9 years (average 67,er@3g87). The surgically
treated liver pathology is presented in Table 7.

IOUS with and without contrast detected a total harmof 1068 lesions (average
3,2; median 2; range 1 - 48igure 6). These were bilobar in 48 cases (21,8%).
23 cases (6,4%) had Eortal thrombosis oftar12 order portal branch (15 cases;
4,2%), and of a'3or 4" order portal branch (8 cases; 2,2%).
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Figure 6. Infra-
centimetric metas-
tasis detected by
contrast enhanced
intraoperative
ultrasound
(CEIOUS) (co-
lored arrows); the
metastasis indi-
cated by the black
arrow was pre-
viously detected
by IOUS

Thoracofrenolaparotomy was used in 68 cases (19B®) .types of hepatic resec-
tion are presented in Table 8. The exploratoryraioay rate was 7,3% (26 cas-
es). The operating average time was of 405 min{mexlian 377,5; range 65 -
1061), with an average total time of intermittenngle maneuver of 78 minutes
(median 65; range 12 - 238). The average blood Wess 395ml (median 300;
range 50 - 3000) and the blood transfusion rateavd$,2% (58 cases); the aver-
age number of hospitalization days was 10 (medjaartye 4 - 46).

The postoperative morbidity rate was 23,2% (83 ©aseajor complications were
recorded in 6,4% (23 cases) and minor complicatiorss,8% cases (60 cases).
The major complications consisted in medium anceehepatic failure in 8 cas-
es (2,2%), liver and renal failure in 4 cases (J,186@moperitoneum in 3 cases
(0,8%), acute pulmonary edema in 2 cases (0,6%®8sive pleural effusion in 4
cases (1,1%) and perihepatic abscess and high Hibavy fistula in one case
(0,3%). The biliary fistula rate (defined as thegmsence of biliary secretion in
the abdominal drainage after more than 7 days)ok&s5% (9 cases). The rein-
tervention rate was of 1,4% (5 cases): hemopentong cases), portal thrombo-
sis (1 case) and evisceration (1 case). The pastige mortality rate was 1,1%
(4 cases): 3 cases due to serious hepatic faihdelaase due to multiple system
and organ failure.

Table 9 presents the sensitivity, specificity, the negatand positive values and
the accuracy of the preoperative imagistic invesigpns (CT/MRI), IOUS and
CEIOUS in patients with CRM. CT and MRI had a sewisy, specificity and a
negative predictive value significant inferior tOUS and IOUS combined with
CEIOUS.



VasileSarbu, Guido Torzilli, Florin Botea

Hepatic surgical pathology Number of cases %
Hepatocellular carcinoma 179 50,1
Metastasis 152 42,6
Neoplastic With colo-rectal origin 122 34,2
tumors
345 patients Other origins 30 8,4
Cholangiocarcinoma 12 3,4
Hemangioendotelioma 2 0,6
Hemangioma 1 0,3
Benign tu- Adenoma 5 1,4
mors
12 patients | Focal nodular hyperplasia 4 1,1
Pseudotumors 2 0,6

Table 7. Classification of operated lesions.

Resection types Number of cases %
Major resections%3 segments) 30 8,4
Minor resections 327 91,6
2 segments 38 10,6
1 segment 76 21,3
Limited associated resections 28 7,
Limited resections 213 59,7
Single 108 30,3
Multiple 105 29,4

Table 8. Types of ultrasound guided hepatic resection.
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Parameters CT/RMN (%) USIO (%) USIO + CEIOUS (%)
Sensitivity 59.9 87.3 90.1
Specificity 0 13.3 100
Positive predictive 6 10 100
value
Negative predictive 0 90 99
value
Accuracy 60.3 90 90

Table 9. Sensitivity, specificity, negative and positivee@ictive values and the accuracy of the
preoperative imagistic investigations (CT/RMN), @&and CEIOUS at patients with colorectal
liver metastasis CRM.

Guiding the hepatic resections, IOUS assisted tingical treatment of complex
malignant hepatic tumors:

- Systematic extended right posterior sectionectoB8RPS) (41 patients;
11,5%) for tumors related to right hepatic vein tfe hepatocaval confluence)
and/or the branches of the right portal vein (atdhgin) Eigures 7, §;

- minimesohepatectomy (16 patients, 4,5%) for tunrefated to medial
hepatic vein (MHV), at its hepatocaval confluenEm(re 9);

- Ultrasound guided hepatic resections for tumorshvgéntral location
(related with the major portal branches — the righrttal vein with its two main
branches and the left portal vein) (64 patients9%j Figure 10);

- Ultrasound guided hepatic resections in one operaession in multiple
bilobar metastasis (26 patients, 7,3%);

- segmentectomy/subsegmentectomy in hepatocellul@incana on liver
cirrhosis (14 and 22 cases, respectively; 4% ab%prespectively)Rigure 11).
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Figure 7. eFlow before (A) and
during the ultrasound guided digital
compression of right hepatic vein
(RHV) (B) (sageli). The inversion
of the flow in RHV with
preservation of hepatopetal flow in
P8 ventral and dorsal (P&v P8d)
can be observed. MHV — medial
hepatic vein; LHV — left hepatic
vein; IVC — inferior vena cava.

Figure 8. Final intraoperative aspect after systemic
extended right posterior sectionectomy
(sectorectomy) (SERPS) for a hepatocellular
carcinoma invading the right hepatic vein (RHV) at
its hepatocaval confluence: resection of 6 and 7
segments extended to 8 segment with the RHV. The
ligated stumps of P7 and P6 can be seen on the live
cut surface. IVC - inferior vena cava, D —
diaphragm, Lu — right lung.

Figure 9. Intraoperative ultrasound at the same patient:ibppler intraoperative examination
describes the collateral circulation between tiyditrhepatic vein (RHV) and the medial hepatic
vein (MHV) after the ultrasound guided compressibthe MHV; the flow in the distal portion of
the MHV is inverted (hepatopet). Intraoperativeexdppostresection at the same patient: the stump
of the medial hepatic vein (MHVSs) can be seen enttance. RHV — right hepatic vein.
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Figure 10. Central hepatocarcinoma (T) (right group) with a@ypl Hi raport with P5.
Intraoperative ultrasound (left) and intraoperapestresection aspect (right); the hepatic resectio
consisted in segmentectomy S5, with the presenmvaifoP6-7 and P8. The arrow indicates the
level of ligature of P5 (left) and the blunt of Bfposed on the trance (right).

Figure 11 The ultrasound guided compression of P3 for aatomellular carcinoma (T) in S3.
Intraoperative aspect (left) with microconvex prdabat spots P3 and comprises it by digital ultra-
sound guided contracompression (oblique arrowsjaiit be observed the blue aspect of S3 pro-
duced by the ischemia induced by the ultrasoundegbcompression. IOUS aspect (right) with P3
(vertical arrows) placed between the ultrasound@rand the index of the surgeon and afterwards
closed by the compression between them.
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6. Discussions

Diagnostic applications of intraoperative ultrasourd

There are few on IOUS in the diagnosis of hepdtia fcollections. IOUS was
used for obtaining informations on the precise ista@f hydatic cysts, for the
study of pericyst [5] and for establishing theilat®nships with the vascular and
biliary structures [6]. Furthermore, IOUS was ugedocate invisible and non
palpable cysts, like small size and deep onespfijecially in the case of multiple
hepatic hydatic disease [8]. The diagnostic intedhic transdiaphragmatic
IOUS, which we used for the IOUS exploration otlivand spleen during thoracic
surgery, represents an original application.

In our experience, on the largest group of patientbe literature, the diagnostic
applications of IOUS mentioned above have fullyarotheir utility, successfully
completing the necessary informations during syrgeer 31 cases (64,6%), even
with complex presentation of hydatic disease, vekrdit considered necessary to
make other additional preoperative imagistic inigagions other than abdominal
ultrasound. In hepatic abscesses, IOUS was usefmiaking the diagnosis, in-
cluding the differential diagnosis with infecteddayic cyst, having a sensitivity
and specificity of 100%. In all operated casesflad collections (57 patients),
IOUS visualized the vascular and biliary structuretheir proximity.

Liver IOUS has become a standard adjuvant methdddarhepatic resection for
primitive tumors and also for metastasis [9, 10, 14]. IOUS assures a spatial
resolution superior to CT or MRI, having a definitde in choosing the paren-
chymal dissection plan in hepatic resections [K3US can detect additional me-
tastasis to those diagnosed preoperative, avoitiegncomplete hepatic resec-
tions or contraindicating the hepatic resection nvhiés impossible to achieve the
objective of complete resection of tumoral tissue.

IOUS optimizes the hepatic resection procedureddigcting all the lesions and
by assuring the optimal resection margins, increasi this way the survival rate
of the patients. Furthermore, recent studies haesvs the benefit of IOUS in
establishing the optimal resection plan, with thei@vement of appropriated on-
cological security margins proven on the resecpatisnen [14, 15].

The intraoperative ultrasound guidance of surgicamaneuvers

The ultrasound guidance of the surgical approachvef fluid collections is a
concept rarely encountered in literature, existiggorts only on hydatid disease
(but not on abscess). Thus, Dervisoglu and colktbes [8] used IOUS to locate
biliary - cystic fistulas, application that we alsoiccessfully used in 6 cases
(12,5%). Another ultrasound guided applicatiorhis tiotal pericystectomy [5].
Intraoperative PAIR (punction - aspiration - ingation - reaspiration) represents
a minimally invasive technique which has proveruiitity in case of deep hydat-
ic cysts; this technique was used in open surgdraiid also in laparoscopy [17].
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In our study we had 4 cases of hepatic hydatidads€8,3%) in which we suc-
cessfully used this technique. The reduced invasis® and execution time, the
alternative being hepatic resections or complexat@pmy, recommend the use
of this technique in such cases. Furthermore, vpdieapthe intraoperative PAIR
techniqgue in the case of deep abscesses (2 pati2Ri28% of cases with liver ab-
scesses), the ,inactivation” of the septic contexihg achieved by repeated injec-
tion of Betadine diluted in sterile saline solutidinis represents a new application
of IOUS.

With the help of intraoperative ultrasound, we ded new techniques for ap-
proaching fluid collections, consisting of transitamy or transdiaphragmatic ap-
proach. The transvacitary approach was used in ti&pfluid collections (hy-
datic cysts and abscesses), in cases of multipde fluid collections. In cases
with multiple hydatic disease, the technique sthntéth ultrasound guided punc-
tion for inactivation. The approach of fluid coltems was accomplished in two
ways, depending on the topography of the remainagties related to the deep
approachable formation. In the case of remainingtiea situated on the diaph-
ragmatic side and the inferior border of the livgith wide access at their level,
cystotomy was made with electrocautery which wasitpmed by ultrasound
guidance on the surface of the remaining cavitycdse of remaining cavities lo-
cated on the visceral side of the liver, cystotamag made with the help of a Pean
clamp introduced transcavitary, under ultrasoundance that located the avas-
cular septum situated between the deep collectohtlae remaining cavity. The
optimal results, the lack of intraoperative incitkeand major postoperative com-
plications, and the good postoperative results megend the use of this tech-
nique.

The transdiaphragmatic approach of the fluid hepatllections consisted in
making an ultrasound guided frenotomy centeredhenfluid collection (located
at the level of the liver dome), during surgery fight pulmonary pathology. This
techniqgue also represents a new application of IQW®ur experience, the pa-
thology consisted in pulmonary and hepatic hyddisease (3 cases), and in pa-
chypleuritis and hepatic abscesses (1 case). Tigedl frenotomy allowed the
treatment of both pulmonary and hepatic pathologyhe same operatory session,
with fast postoperative recovery.

Although there still are skeptical opinions relatedhe utility of the IOUS in he-
patic surgery [18], many studies have clearly proits value, stating that the
modern hepatic resections have to be ultrasoundkeduiSince 1979, it has been
observed that the conventional hepatic resectiorgihotic patients have a great
rate of postoperative complications, mainly duénépatic failure (up to 64% of
cases) [19]. The possibility of making anatomicgpéitic resections, especially in
patients with hepatocellular carcinoma on liverhedsis, without mortality or ma-
jor complications [20], due mainly to the use olU® [21], which is the best im-
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aging method for tumor staging at hepatic level famdhe step by step guiding of
the parenchymal transection. It has to be stresaethat segmentectomy or sub-
segmentectomy in hepatocellular carcinoma has prawvde superior in terms of
local recurrence in comparison to limited atipicasection [11, 13]. A supple-
mentary confirmation of the value of IOUS in guigliliver resection is given by
the fact that the margins of resected specimens hagn infiltrated at 16-18% of
patients with hepatic resections non-assisted trgadund, a superior percentage
compared to the ones recorded after ultrasounceduigsections [22, 23].
Systematic extended right posterior sectionector®ERPS) [24] allowed
avoidance of right hepatectomy in 10% of patieatbjgher percentage than one
of the right hepatectomy (9%). The main advantdg@ERPS is the preservation
of the majority of hepatic parenchyma of the awteright section (sector) (seg-
ments 5 and 8), which is the largest liver secf&], avoiding the risk of post-
operative hepatic failure caused by the insufficresidual hepatic volume.
Minimesohepatectomy [26] was performed in patiemt® would have had as
surgical indication trisectionectomy (trisectoreny) or mesohepatectomy, these
having tumors with macroscopic invasion of the rakbepatic vein at its hepato-
caval confluence. This technique requires a mudbaed surface resection com-
pared with mesohepatectomy. By avoiding a majoeatssn, this technique al-
lows the preservation of majority of major vascugauctures, offering the possi-
bility of a subsequent resection in case of recuoes [27, 28].

In central tumors, IOUS has made possible parenahymeservation, avoiding
major hepatectomies despite the complexity of @mes; thus, right hepatectomy
was performed in only 4,7% of cases, and the ledt anly in 3,1% of cases, cen-
tral hepatectomy not being necessary in none otéses. Ultrasound guided re-
sections led to obtain security margins of Omm 6% of cases (26 patients),
which is not an alarming fact because there amdietuvhich support the efficien-
cy of the resection with reduced oncological segumargins, without a greater
risk of local recurrences [29, 30]. The advantaigeuch conservative procedure is
the possibility to perform new resections for reéeaces, with impact on the over-
all survival time [31]; so, preserving the majorsgalar structures after liver re-
section, allows surgical solutions for the futueeurrences, which is usually im-
possible after major hepatectomies.

The ultrasound guided resection for multiple bilobzetastasis in one operative
session has proven to be superior compared to tage fhepatectomy regarding
mortality and morbidity [32]. The strategy and soa technique used in our
study don’t seem to increase the risk of postoperaecurrence, 54% of patients
developing new lesions during the postoperativéofolup (50% with hepatic
disease), in comparison to 64% (48% with hepaseaBe) reported by Jaeck and
al [33], and 69% (61% with hepatic disease) regbbe Adam and al [34].
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7. Conclusions

IOUS makes a precise and a real time study of mia¢oany of the parenchymat-
ous organs (hepato - biliary - pancreatic regiodndys, spleen) and of the retro-
peritoneum, allowing the evaluation of the anat@hrelationship with the lesion
to be operated. Due to superior diagnostic pratisiccomparison to CT/MRI, in
selected cases, IOUS can substitute them in slirggicargencies or in situations
in which they are not available in time.

The applications of the IOUS are mainly in the szalgpathology of liver, but are
also useful in the biliary - pancreatic, renal aptenic surgical diseases.

In liver fluid collections (hydatid cysts and absses), IOUS locates the lesions
and makes a precise diagnosis. Furthermore, 109iStaighe surgical approach
of these lesions, with the help of some originahteques (ultrasound transcavita-
ry guided cystotomy, intrathoracic transdiaphragmatitrasound, ultrasound
guided frenotomy), and other less used techniqussiigical practice (ultrasound
guided cystotomy / hepatotomy, intraoperative PAIR)ese techniques have the
advantages of reduced invasiveness, low risk chapterative incidents and a di-
minished rate of postoperative complications, eleting the necessity of hepatic
resection even in complex cases. In biliary andlréithiasis, IOUS detects the
stones, representing an alternative to the intradpe radiological explorations.
Also, IOUS facilitates the surgical maneuvers tifdtomy by locating the stones
in real time.

IOUS is superior to CT/MRI in staging the neoplastepatic diseases, in detect-
ing the lesions, in the evaluation of the tumoiat@hsions and in diagnosing the
criteria of advanced neoplasia. In hepatic tumitrs,use of IOUS in guiding re-
sections reduces the rate of major hepatectomfegszular reconstruction and
even the need for preoperative venous portal emddadin, with the reduction of
intraoperative incidents, postoperative complig&i@nd blood transfusions. In
this way, IOUS allows making new conservative réeas, such as systematic
right posterior sectionectomy (sectorectomy) (asalérnative to right hepatect-
omy) and minimesohepatectomy (as an alternativieigectorectomies or central
hepatectomy). It also allows the resection of agneimber of tumors in one ope-
ratory session, offering an alternative to the stage hepatic resection.

CEIOUS allows a precise staging of hepatic tumassuring a more efficient sur-
gical treatment. The use of IOUS with and withoomtcast substance in hepato-
cellular carcinoma on hepatic cirrhosis makes fpbsshe hepatic resection in
more advanced stages that currently recommendedlQUS is a method of di-
agnosis and guidance of surgical procedures, washto be part of the modern
abdominal surgery arsenal in generally, and of tiegargery in particular, being
optimally exploited when performed by the surgeon.
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Abbreviations

IOUS — intraoperative ultrasound

CEIOUS - contrast enhanced intraoperative ultragoun

CT — computed tomography

MRI — magnetic resonance imaging

SERPS - systematic extended right posterior sesttomy (sectorectomy)
RHV - right hepatic vein; MHVmedial hepatic vein
LHV — left hepatic vein; IVC — inferior verzava

CRM - colorectal liver metastasis.



